The recorded history of a beagle breeding colony, showing the number and types of congenital abnormality, occurring over an eight-year period, is described. Particular reference is made to some 1 500 progeny, representing five generations related to a single stud dog, in which a higher proportion of abnormalities occurred than in the rest of the colony.
has reported 12 malformations in a group of 1 157 beagle pups, 2 of which had combined adactylia and thoracic or abdominal fissures. He also found a tendency to increased neonatal loss as the brood bitch advanced in age, and concluded that optimal reproductive performance was obtained at the age of 3 years. Reinert & Smith (1963) found 2 abnormalities in ]21 litters, 1 pup with adactylia and 1 with a double pelvis and four hind limbs. McKelvie & Andersen (1963) reported 2 cases of hydrocephalus and 1 of cleft palate in 65 autopsied pups that died within 48 hours of birth in a group of 250 litters; they stated that the genetic make-up of the sire can contribute to neonatal mortality of the progeny.
Stevenson (J 963) reported congenital diaphragmatic hernia in 2 pups in a single litter from a group of 90 closely-related pups. In a survey of abnormalities in pedigree dogs, carried out in association with the British Small Animal Veterinary Association and the Kennel Club of Great Britain, Hodgman (]963) recorded 6 cases of hip dysplasia and 6 of uterine inertia in beagles. The number of beagles examined and the age at which the conditions were observed were not stated. Fox (1964a) discussed a case of polyarthrodysplasia in a beagle puppy. The difficulties associated with inbreeding were discussed by McKelvie, Shultz, Parcher & Rosenblatt (1966) , who made life-span studies and adopted random selection to maintain heterogeneity. From these reports it may be expected that congenital defects will be linked with the age of the parents at the time of conception, their genetic patterns, and environmental and geographical factors.
Other possible causes of congenital defects are poor nutrition, viral, bacterial or parasitic infections, and exposure to chemicals or to vibrational energies of various wavelengths.
BREEDING RECORDS
A beagle colony was started at Sandwich in 1958 with the intention of maintaining a supply of dogs for pharmacological and toxicological purposes (Reinert & Smith, 1963) . Records of the parentage of acquired hounds and the history of their offspring have been kept. In agreement with the recommendations of Andersen (1957) , neither parents over 6 years of age nor offspring from litters containing abnormal pups were used for breeding.
From examination of other breeders' records, received as pedigrees, we have found that the ancestry of the colony is dominated by a small number of sires (stem hounds), presumably chosen for their looks, form, fecundity, and possibly the popularity of the breeding kennel of origin. It is not uncommon to find in these records that a sire has been mated to most of his female relatives in order to enhance certain characteristics.
In the course of a number of generations a stem hound often occurs as a parent several times in a pedigree, sometimes in conjunction with lines from other stem hounds.
Ancestral charting is essential if heterogeneity is to be preserved within a closed colony, because the geographical origin of a hound is no guarantee that it is not in some way related to animals within a colony.
Beagle strains, hitherto limited to a single country, are now distributed in many other countries of the world. • Dog 308's ancestral lines. t Probability that differenceis due to chance, less than 1 per cent.
From July 1959 to September 1967, a total of 2855 pups were born in 496 litters. Until 1963 there were only 2 gross abnormalities, but since that time congenital defects have appeared in 54 puppies in 38 litters. The records show that 30 litters with 40 abnormalities were directly or indirectly descended from a single vigorous sire (dog 308) obtained in 1961. Four other litters in which 6 abnormalities occurred were traceable to other lines related to an ancestor of this sire. The remaining 4 litters, with 8 abnormal pups, were traceable to a stem hound apparently unrelated to that line. Table I shows these findings together with the proportion of abnormalities that occurred in the 5 generations born of the dog 308 line to date. Generally the abnormalities fell into three groups: hernias, other physical deformities, and a 'kidney syndrome'. Most of the cases, and all three groups of abnormalities, occurred in the progeny of dog 308 (Table 2 ). This animal was the ancester of 54 per cent of the total puppies produced, and there were 2.6 per cent abnormalities among its I 538 descendants. Only 1.06 per cent of abnormalities occurred among the 1 317 pups unrelated to dog 308. It is interesting to compare this 1.06 per cent of abnormal pups with approximately 1 per cent congenital defects in live human births reported by Wood (1967).
It took nearly 5 years of puppy production for us to realise that the occurrence of abnormalities was becoming greater than was to be expected.
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ABNORMALITIES

Inguinal hernia
Using the classification of Fox (1963) for his cases in basenjis, we have seen unilateral and bilateral low-grade hernias, with herniation of fat, omentum and sometimes intestine through the external inguinal ring. It can be seen at birth if strict examination of each puppy is carried out, but often it is missed and is most frequently seen just before or during the first pregnancy. This may explain why the condition has been diagnosed only in females.
Umbilical hernia
Herniation of abdominal contents through the umbilical area, due to imperfect closure of the linea alba and associated structures, has appeared in both sexes either at birth or later in life. Such animals should not be rejected at birth as abnormal because the hernia may disappear as the animal gets older. The animal can therefore be used for some forms of experimental work but not as breeding stock.
Limb deformities, heart abnormalities, etc.
These include cardiac septal defects, absence of a limb, deformity of the fore-feet, corneal dermoid, and cleft palate.
They occur very sporadically, and result from imperfect early embryonic development.
Eyelid defects
Blepharophymosis
(a narrowing of the palpebral fissure), due to incomplete opening of the eyelids, has been recorded.
The condition progressed to exophthalmos in one pup. Entropion (turning-in of one or both eyelids so that the eyelashes cause irritation to the cornea) has appeared in one animal.
'Bulldog head'
Abnormal pups with short muzzles and wide crania are sometimes produced. The deformed pup shows shortening of the muzzle by at least a half, and a domed head. In one animal, hydrocephalus with pressure damage to the. brain occurred.
Less severe cases live and grow normally, making it difficult to assess the normal range of muzzle length. Although only two cases appear in our records, we know that on several occasions these deformed pups have blocked the mother's pelvic inlet, causing a delay in parturition and the need for a caesarian operation.
Unfortunately these occurrences have not been recorded.
Polyarthrodysplasia
This has appeared in one pup recently. The clinical and radiological signs were very similar to those described by Fox (I 964a) . Growth was very slow and the animal was destroyed. The flattened thoracic cage occasionally seen in young pups could be very mild cases of this condition.
'Kidney syndrome'
The condition can usually be diagnosed at birth by a distinct loss of elasticity in the skin, a domed cranium, and the presence of an umbilical hernia. Raised blood urea levels are always present. The pups grow at about half the normal rate until they are eight weeks of age, after which they catch up slowly. As the pups grow, their movements become stilted on the back legs, and the outside digits of the fore-feet become raised off the ground, leaving the two centre digits to bear the weight.
Both kidneys are involved equally, and the pathology appears very similar to that described by Bloom (1954) . However, there are variations from Bloom's description, and when the pathological observations are complete they will be reported in a future communication. It is interesting that the condition compares histologically to that of Balkan nephropathy in man (Anon, 1966; Richards, 1966) .
DISCUSSION
The importance to us of recording these abnormalities stems from our concern with the toxicological and teratological assessment of drugs. If abnormalities occur, it is important to know whether they are attributable to a genetic defect, infectious processes, or the effects of drug treatment. For example, Fox (1963) has recorded hernias in his colony of basenjis, and from the pedigrees of his dogs he has concluded that these hernias were inherited.
The 'kidney syndrome' especially concerns us because mild cases could easily be missed. Robbins (1965) and Vymetal (1965) reported the congenital lack of one kidney in beagles, and Fox (1964b) reported cases of polycystic kidneys associated with renal agenesis. Bloom (1954) described the 'kidney syndrome' clinically and histologically, and made some suggestions as to the cause. To the best of our knowledge, no cases of renal agenesis have appeared in our colony, and all our cases of 'kidney syndrome' have appeared to have both kidneys intact (although damaged). Examination of the pedigrees shows that this condition could be an inherited fault. However, leptospirosis can exist in sub-clinical forms and is difficult to diagnose when masked by blood titres raised by vaccination. Also, canine viral hepatitis and distemper have been incriminated in causing renal damage and, although we vaccinate routinely, inclusion bodies of viral hepa-titis have been seen in kidney preparations from animals in the colony. It is possible that the 'kidney syndrome' and other abnormalities could be caused by the teratogenic effect of sub-clinical infections.
It is possible that umbilical hernias and deformed feet could be related to the 'kidney syndrome', and routine blood urea determinations are now made. Now that the association between certain ancestors and abnormalities in the progeny has been demonstrated, selection of breeding stock from apparently normal lines should bring about a reduction in the incidence of congenital abnormalities.
